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The writer has repeatedly published I short  reports on the produc- 
tion of frogs from unfertilized eggs by Bataillon's method of punctur- 
ing  the  membrane  of  the  egg  with  a  fine  needle.  The  writer  has 
succeeded in  raising  over  twenty  of  these  parthenogenetic  frogs  to 
an  advanced  and  some  to  an  adult  stage.  Two  such  specimens 
(leopard frogs) are represented in Fig.  1, together with a  scale giving 
their  size.  They were  at  the  time  of death  13  and  14 months  old 
respectively, and  the death of these,  as of the other specimens,  was 
due  to  intestinal  infection.  The  parthenogenetic  frogs were appar- 
ently normal in every respect. 
The second point of interest is the fact that both sexes occur among 
the parthenogenetic frogsl  Three females were obtained among over 
twenty males, yet the preponderance of males may have been simply 
an  accident.  Fig.  2  gives a  macroscopic photograph  of ovaries and 
kidneys of one parthenogenetic female, and Fig. 3 a microphotograph 
of  a  section  through  the  ovary.  The  fact  that both  sexes  occur 
suggests that  in the frog the female may be heterozygous for sex. 
It was ascertained that the male parthenogenetic frogs and tadpoles 
possess a  diploid and not a  haploid  number  of  chromosomes.  The 
writer had the good fortune of obtaining the expert advice of Professor 
Richard  Goldschmidt, ~ and  later of Doctor Parmenter, '~ on this prob- 
lem.  Both authors found unquestionably a diploid numberof chromo- 
somes in the males.  Parmenter was able to count definitely twenty- 
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six chromosomes in a number of specimens.  The question arises how 
to account for the fact that the number of chromosomes  is  diploid. 
The first thought might be  that  the eggs had been accidentally fer- 
tilized,  but  this  is  excluded by  the mode of procedure.  As  is well 
known,  the  eggs  of  the  frog  are  fertilized outside the body of  the 
FIG. 2.  Ovaries and kidneys of a parthenogenetic female frog. 
female, and the  females used for our experiments had  not yet com- 
menced to lay their eggs.  The females after having been killed were 
submersed in 95  per cent alcohol and left there  for  several  minutes 
to kill any sperm that might have  stuck  to  the  outside  skin.  The 
skin was cut open and the eggs were removed from the oviduct with 542  PRODUCTION  OF  PARTHENOGENETIC  FROGS 
sterilized  instruments.  The  hands  of  the  experimenter  were  also 
sterilized.  About 50 to  100 eggs were put on each glass slide and the 
eggs of every second or  third  slide  were  not  punctured,  serving  as 
controls.  In no case did a  single control egg show any development; 
FIG. 3.  Section through the ovary shown in Fig.  2. 
only punctured eggs developed.  This excludes the idea that the eggs 
were fertilized. 
There  remain  other  possibilities  to  account  for  the  fact  that  the 
chromosome number  is  diploid,  As  Parmenter  states  3 ~ACQUES LOEB  543 
"The diploid number, as well as the similarity in form of the tetrads of the 
parthenogenetic and normal animals, may have been brought about by the reten- 
tion of the second polar body, or by a premature  division of the chromosomes 
without  the division of the cell body just before the first cleavage." 
Brachet  4 had previously counted the number of chromosomes in a 
parthenogenetic  tadpole,  18  days old,  and  found  a  diploid  number, 
but, of course, it was out of the question to ascertain  the sex of the 
tadpole. 
In my last  publication on the subject I  mentioned  the possibility 
that  the parthenogenetic  females might  have the haploid  number of 
chromosomes.  This question can only be decided by an actual count 
of the chromosomes in female parthenogenetic  frogs.  It is  perhaps 
of interest  in  this  connection  that  Hovasse  6 in  an  investigation  of 
the  number  of  chromosomes  of  young  parthenogenetic tadpoles of 
frogs reports to have found both the diploid number and the haploid 
number.  Since it is  not possible to determine  the sex of early tad- 
poles the observations of Hovasse do not answer the question whether 
or not the female parthenogenetic frog possesses a haploid number of 
chromosomes.  There is, however, no doubt left that  some if not all 
of the parthenogenetic male frogs possess a  diploid number of  chro- 
mosomes. 
We  usually  received in  one  shipment  a  large  number  of  female 
frogs  either  from  South  Carolina  or  from  Chicago  as  soon  as  the 
spawning season began.  It took about half a day to puncture the eggs 
of one female frog and as a  consequence some time elapsed before the 
eggs of every female in the lot were punctured.  It was found that 
tadpoles  of  good  vitality  were  obtained  only from  the  eggs  of  the 
first and second frogs used for the experiment.  The eggs of the frogs 
which were punctured  later,  after  the frogs'had  been in  the labora- 
tory for 2 days or more,  either gave no tadpoles at all or if tadpoles 
were produced they died in less than 3 weeks, while the tadpoles from 
the eggs punctured immediately after the arrival of the frogs went on 
developing although  the  conditions  under  which  the  eggs were kept 
were the same in all cases (see Table I). 
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TABLE  I. 
Date of experiment,  Female No.  Approximate No. of  " No. of tadpoles  No. of tadpoles that 
eggs punctured,  hatching,  died within 3 weeks 
1919 
Mar. 25 
"  26 
"  28 
"  29 
"  30 
"  30 
"  30 
"  31 
"  31 
"  31 
"  31 
Apr.  1 
"  1 
"  2 
~  2 
"  2 
~c  3 
~  3 
~c  4 
"  4 
~c  4 
"  5 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XlI 
XlII 
XlV 
XV 
XVI 
XVlI 
XVIII 
XlX 
XX 
XXI 
XXII 
XXlII 
8,500 
5,000 
3,000 
3,000 
100 
400 
200 
1,500 
150 
1,300 
No eggs used. 
2,800 
1,700 
1,400 
1,200 
200 
1,100 
1,800 
2,000 
1,500 
None. 
1,700 
2,000 
92 
43 
9 
2 
0 
0 
0 
13 
0 
1 
13 
0 
0 
16 
0 
1 
16 
16 
0 
21 
22 
9 
2 
0 
0 
0 
13 
0 
1 
13 
0 
0 
14 
0 
1 
16 
12 
0 
The  results of a  series of experiments  made on the  eggs of a  sec- 
ond lot  of frogs received later  confirmed these results  (Table II). 
TABLE  II. 
Approximate No. of  No. of tadpoles  No. of tadpoles that 
Date of experiment.  Female No.  eggs punctured,  hatched,  died within 3 weeks. 
1919 
Apr.  8 
"  8 
(~  9 
~c  9 
"  10 
XXlV 
XXV 
XXVI 
XXVII 
XXVIII 
2,000 
4,000 
3,000 
3,500 
2,000 
6 
14 
2 
0 
0 
5 
14 
2 
0 
0 
It is, therefore, obvious that only those eggs were capable of devel- 
oping which were  punctured on the  1st or 2nd  day while later  they 
lost  their  power  of  developing  or  lost  their  vitality.  It  may  be JACQLTES LOEB  545 
possible  that the eggs must  be punctured at a  certain stage, e.g.  at 
the period after the first polar body is given off and before the second 
polar body is  extruded in  order to  develop or in  order to  develop 
normally, but this can only be decided by further experiments. 
In these experiments the eggs were not covered with blood since it 
was found in  previous  experiments that  this  did not  improve the 
yield of parthenogenetic tadpoles. 
Many, sometimes  the majority,  of  the  parthenogenetic tadpoles 
did not metamorphose even within a year although  they grew nor- 
mally.  It was suspected that this was due to an imperfect develop- 
ment of the thyroid gland or to lack of iodine in the  food.  In  one 
tadpole, over a year old, the attempt was made to bring about meta- 
morphosis by the feeding of thyroid gland from cattle.  Three feed- 
ings were sufficient to cause metamorphosis within 2 weeks. 